SUMMARY In patients receiving cyclosporin to minimise graft versus host disease after allogeneic bone marrow transplantation, whole blood cyclosporin concentration was roughly twice the serum concentration when blood was separated at 37°C. In turn, blood separation at 37°C resulted in a doubling of serum cyclosporin concentration compared with separation at room temperature. In vitro studies showed that the latter phenomenon was due to a temperature dependent partitioning of cyclosporin between plasma and red cells, such that increased cyclosporin was taken up from the serum into red cells at room temperature. Increasing delay in separation of patient blood (at either temperature) resulted in a gradually increasing cyclosporin serum concentration. Further in vitro studies showed that a distribution equilibrium between blood components was reached within 30 min incubation. Red cell uptake of cyclosporin was saturable at an incubation concentration of >4 ,ug/ml, while plasma and mononuclear cells showed a linear uptake to 7 ug/ml. The cellular cyclosporin content of a mononuclear cell was roughly 1000 times greater than that of an erythrocyte. For clinical monitoring we recommend the measurement of cyclosporin concentration either in whole blood or in serum separated at 37°C without delay after venepuncture.
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Cyclosporin, with its unique ability to inhibit T cell activity,' 2 has become an important drug in human organ transplantation. It is effective in reducing the incidence of solid organ graft rejection34 as well as bone marrow graft rejection.5 It is as effective as methotrexate in minimising acute graft versus host disease after marrow transplantation.6 Unfortunately, it is associated with nephrotoxicity,'-9 hepatotoxicity,'°" and central nervous system toxicity. ' 2 Despite much effort aimed at measuring drug concentrations in serum and whole blood, relatively little information is available on either toxic or therapeutic concentrations. We report on the concentration and distribution of the drug in whole blood and blood components in man and on a number of factors that influence the concentration of cyclosporin in these components.
Material and methods

PATIENTS STUDIED
All patients were receiving cyclosporin immunosuppression to minimise graft versus host disease after allogeneic bone marrow transplantation as treatAccepted for publication 28 June 1984 ment for severe aplastic anaemia or haematological malignancy. The protocol for marrow transplantation has been described previously. '3 Blood samples were collected from patients receiving cyclosporin immediately before a regular 12 hourly dose of cyclosporin (trough concentration).
For measurement of cyclosporin serum concentration blood was allowed to clot at either room temperature or 37°C. The clotted blood was centrifuged at 1000 g for 10 min at the respective temperatures. All serum samples were stored at -20°C before radioimmunoassay. '4 In our laboratory the interassay variation was 8-4% and the intra-assay variation 5.6%." To evaluate the effect of the temperature at which the blood was separated on subsequent cyclosporin serum concentration, aliquots of clotted blood were allowed to stand for 1 h at room temperature or 37°C before separation. To investigate the effect of delayed blood separation, aliquots of clotted blood were allowed to stand at room temperature or 37°C for 1, 4, 7, or 8 ,ug/ml. Fresh blood (anticoagulated with EDTA) from normal individuals was used. The desired amount of cyclosporin was added to whole blood at 37°C and incubated with gentle mixing for 1 h. Isolation of plasma, the mononuclear cell fraction, and the red cell/granulocyte fraction was performed on a Ficoll gradient. Two millilitres of incubated blood was diluted 1/3 with phosphate buffered saline (PBS) and the diluted blood layered carefully on to 4 ml Ficoll-Paque (Pharmacia, Sydney); the samples were then centrifuged at 400 g for 35 min. The top layer of diluted plasma was drawn off and retained for cyclosporin assay. The mononuclear cell layer was then removed, leaving the red cell pellet. Both the mononuclear layer and the red cell pellet were resuspended separately in PBS and centrifuged at 1000 g for 10 min. After two further washes, the cells were lysed to recover the cyclosporin. The mononuclear cells were resuspended in 50:50 ethanol-PBS and lysed by rapid freezethawing in liquid nitrogen and hot water. After centrifugation, the supernatant was retained for cyclosporin assay. The red cells were resuspended in 50:50 distilled water-ethanol and vortexed. The lysed cells were centrifuged and the supernatant was retained for cyclosporin assay.
To evaluate the effect of the temperature at which the blood was separated, diluted blood was separated on Ficoll at either room temperature or 37°C. To evaluate the effect of an increase in cyclosporin concentration during incubation, increasing concentrations were added to the incubation tube. Con- 
Results
EFFECT OF TEMPERATURE AT WHICH BLOOD WAS SEPARATED
Trough serum cyclosporin concentration was significantly increased when blood from patients receiving cyclosporin was separated at 37°C compared with separation at room temperature (Table  1) . When patient blood was reheated to 37°C before serum separation, after it had initially been allowed to cool to room temperature, the cyclosporin serum concentration was the same as that obtained in parallel samples that were separated at 37°C without cooling (Table 2 ). These findings were further investigated using blood from normal subjects incubated with cyclosporin in vitro (Fig. 1) . The proportion of cyclosporin in plasma was lower, and the proportion of cyclosporin in red cells higher, at room temperature compared with 37°C. Thus, partitioning of cyclosporin between plasma and red cells was temperature dependent, and it appeared that some cyclosporin was taken up from the serum into red cells at room temperature.
EFFECT OF DELAYING BLOOD SEPARATION
With increasing delay in separation of patient blood after venesection there was a gradual increase in the cyclosporin serum concentration, regardless of whether the blood was separated at room temperature or at 37°C (Fig. 2 ). Incubation concentration of cyclosporin (,ug/ml blood) Values represent mean ± ISD. Differences for different durations ofincubation not significant.
CELLULAR CYCLOSPORIN CONTENT
Mononuclear cells had a cyclosporin content roughly 1000 times greater than that of erythrocytes at all concentrations of cyclosporin (Fig. 4) .
EFFECT OF DURATION OF INCUBATION
There was no change in the distribution of cyclosporin between blood components when cyclosporin and blood were incubated for increasing periods of time (30-120 min) (Fig. 5) Lemaire'7 and Hows'8 have previously shown that the concentration of cyclosporin in human serum is increased roughly twofold if the blood is separated at 37°C rather than at room temperature before analysis. We have confirmed '9 In contrast to previous reported practice,'9 however, we would recommend either that human blood be separated at 37°C without delay after venepuncture (rather than storing it for 2-3 h at room temperature) before separation and measurement of the serum cyclosporin concentration, or that whole blood cyclosporin concentration be measured. Separation at 37°C without delay minimises the uptake of cyclosporin by red cells, thus allowing a closer approximation to in vivo serum values. Such a policy would at least lessen confusion caused by two factors-the temperature dependence of serum cyclosporin concentration and the increased cyclosporin concentration due to delay in separation. If such practice is not possible, similar results can be obtained by rewarming the whole blood sample to 37°C before separation. Once separated, the serum can be stored at -20°C with impunity for several months until the time of assay.'9 The measurement of whole blood cyclosporin concentrations would avoid all these difficulties, but, again, no correlation between whole blood concentrations, toxicity, and efficacy is available.
In vitro studies showed that the distribution of cyclosporin between the three major components of the blood (plasma, erythrocytes, and mononuclear cells) depends on the temperature at which the blood was separated, the concentration of cyclosporin present during the incubation, but not on the duration of incubation. Of the three components, only the erythrocytes appeared saturable in the concentration range tested and only then at a concentration higher than would normally occur in vivo. A mononuclear cell contained much more cyclosporin than an erythrocyte. Work is in progress to determine the cyclosporin content of the T cell, T cell subsets, and non-T cell components of mononuclear cells in order to determine if any of these parameters are useful for clinical monitoring.
